Background and Purpose-Determining cognitive dysfunctioning (CDF) after stroke is an important issue because it influences choices for management in terms of return to previous activities. Because previous research in subacute stroke has shown important variations in CDF rates, we aimed to describe the frequency and neuropsychological profile of CDF in subacute stroke outside dementia. We used a large battery of tests to screen any potentially hidden CDF. Methods-Patients with Mini-Mental State Examination scores Ն23 were prospectively and consecutively included 2 weeks after a first-ever ischemic brain infarct. Stroke features were based on MRI. Four domains were evaluated: instrumental and executive functions, episodic memory, and working memory (WM). Patients were scored using means and compared with education-and age-matched control subjects. Then we attributed Z-scores for each test and each domain. The most relevant cognitive tests characterizing CDF were determined using logistic regression.
B
ecause stroke units and thrombolysis have improved stroke outcome and then disability related to neurological deficit, the impact of cognitive dysfunctioning (CDF) on handicap becomes a major issue. 1 Thus, the concept of stroke, as principally founded in motor function or ability in activities of daily living, may be insufficient with respect to changes in cognitive functioning. 2 Subtle CDF may indeed be missed within the hospital context and revealed only when returning to previous socioprofessional activities, leading to social handicap even more disturbing because unrecognized. 3, 4 Research on CDF in subacute stroke, outside dementia, has evidenced widespread cognitive deficits, CDF rates varying from 31% to 77%. [5] [6] [7] [8] [9] Variations in CDF frequency may reflect some heterogeneity in terms of demographic parameters, stroke characteristics, or methodological approach. Actually, no widely accepted cognitive tests designed for the assessment of CDF after stroke exist. In most stroke studies, CDF was assessed using global tests such as Mini-Mental State Examination (MMSE) and Wechsler Adult Intelligence Scale (WAIS) battery aimed at detecting dementia or Alzheimer disease. 8, 10 These tests are not very sensitive to executive and working memory dysfunction, which may account for the heterogeneous reported CDF rates.
We aimed to describe prospectively the frequency and neuropsychological profile of CDF in nondemented patients with subacute stroke. In contrast to previous research, we investigated CDF using a comprehensive neuropsychological battery of tests assessing working memory and executive functions and able to reveal some "hidden dysfunctioning." Moreover, although most studies on CDF were based on CT, MRI was performed in this study because of its sensitivity and specificity for stroke features.
Methods

Participants
This prospective case-control study included consecutive patients admitted to the stroke unit from November 2000 to May 2005 with a first-ever acute ischemic stroke and a control group of 81 healthy subjects matched for age and education level. Patients with first-ever ischemic stroke demonstrated on MRI and neuropsychological evaluation completed at Day 15 (Ϯ15) were eligible ( Figure) . Participants were excluded if age Ͻ18 years, MMSE score Ͻ23 of 30, or in case of current illness, neurological disease or psychiatric disorder. Psychiatric disorder was considered when patients had a prior diagnosed psychosis requiring treatment with a depression with Beck score Ͼ27. When necessary, the diagnosis was confirmed by a psychiatrist.
Neurological deficit was assessed by the stroke neurologist using the National Institutes of Health Stroke Scale (NIHSS), which was recorded at admission and at Day 15. Patients presenting at Day 15 with a score Ն2 for aphasia, hemianopia, and neglect were excluded. A score of 1 allowed selecting patients, including additional specific tests during the neuropsychological examination.
Subjects who could not perform the tests in relation with apraxia, illiteracy, or decreased visual acuity were excluded. Control subjects were volunteers living in the same community as patients with stroke. Recruited in the vicinity by word of mouth (nϭ70) and in a healthy retirement home (nϭ11), they filled a brief structured questionnaire before inclusion focused on health status.
The Medical Ethics Committee of the institution approved the study. We obtained signed informed consent from all subjects. Medical data were recorded by a stroke neurologist (A.J., M.H.). Stroke features included neurological deficit, risk factors, Trial of Org 10172 in Acute Stroke Treatment classification (TOAST), 11 and antidepressant medication. Motor handedness, MMSE, and depression using the Beck Depression Inventory were recorded.
MRI, including T2, fluid-attenuated inversion recovery, and diffusion-weighted imaging sequences (Phillips 1.5 T; axial slices; thickness 5 mm) was performed within the first days. Stroke diagnosis, side, arterial territory, 12 imaging TOAST criteria, 11 and leukoaraiosis 13 were assessed by 2 stroke neurologists or radiologists unaware of the clinical data. Patients with clinical stroke not confirmed by MRI or with prior stroke, defined as a hypersignal Ͼ10 mm in diameter, were excluded. Leukoaraiosis was assessed using Scheltens criteria. 13 This scale evaluates occipital and frontal caps; lateral ventricles bands (score 0 to 6) and white matter hyperintensities in frontal, parietal, temporal, and occipital lobes (score 0 to 24); basal ganglia (score 0 to 30); and infratentorial structures (score 0 to 24). The total score was recorded.
Neuropsychological Assessment
All participants underwent a battery of tests measuring cognitive domains. In addition, Edinburgh handedness score, MMSE, and depression using the Beck Depression Inventory were recorded (Supplemental Appendix). The following 4 domains were thoroughly assessed: (1) 14 assessed auditory working memory. The subject was asked to listen to 60 numbers listed one by one, every 4 seconds, and at the same time add the 2 last numbers heard, answering orally. The score, ranging from 0 to 60, corresponded to the number of correct answers. Spatial working memory (SWM) was assessed using the Owen test 15 from the SWM battery of the Cambridge Neuropsychological Test Automated Battery. The subject had to find a token in each of a number of 4 to 8 boxes. Once a token had been taken from a box, this box would not be used again. "Memory" and "strategy" errors were scored. The "forward digit span" from the WAIS-III digit span subtest and the "spatial span"' from the Corsi Blocks test assessed short-term memory.
In addition, primary attentional capacities were assessed using the Big/little Cir Test and the Reaction Time from the Attention Battery of the Cambridge Neuropsychological Test Automated Battery. Control subjects underwent the same neuropsychological evaluation except instrumental functions and attentional abilities. Raw performances and Z-scores were recorded for each test. To calculate Z-scores, we used norms derived from published data or working groups such as the GREFEX or the GREMEM, so they were based on large samples of healthy populations and adjusted for age and education.
Diagnosis of CDF
On the basis of Z-scores, participants were classified into 3 groups for each domain. Normal group consisted of patients who scored in the normal range for all tests, mild impairment defined patients cutoff Z-score between Ϫ1 and Ϫ2 on at least one test, and patients with moderate impairment with cutoff Z-scores beyond Ϫ2 on at least one test. Global CDF, defined as any impairment in at least one cognitive domain, was rated Ϫ1 (mild) or Ϫ2 (moderate) according to the score of the most impaired domain.
Statistical Analysis
To compare patients and control subjects' characteristics and performances, bivariate analyses were performed with 2 test, analysis of variance, and independent-sample t test with Levene's test for equality of variances or nonparametric appropriate tests, according to the Gaussian distribution of the variables with a 5% level of significance. Bivariate comparisons were completed by a correlation analysis between tests adjusted for multiple comparisons using the Sidak test.
To isolate the most important factors characterizing CDF in the stroke population, compared with the control population, we used a logistic regression model. The status (stroke versus control) was the dependent variable, whereas the demographic and cognitive data were entered in the model to determine predictors of stroke-related CDF with 95% jackknife estimation of CIs.
Data were analyzed using STATA 10.1 (STATA Corp, College Station, Texas). Figure.
Diagram of the study's stroke population.
Results
We included prospectively 177 consecutive patients within 1 month of a first-ever infarct admitted to the stroke unit from November 2000 to May 2005 and 81 control subjects. Demographic characteristics of patients and control subjects are reported in Table 1 . There were no significant differences in age, gender, education, handedness, or Beck Depression Inventory. MMSE was lower in patients than in control subjects, although the mean scores were within the normal range. Neurological, imaging, and stroke features are reported in Tables 2 and 3 . The raw scores and Z rates of cognitive tests are reported in Table 4 dictors of CDF. Note that gender, level of education, depression, neurological deficit, and leukoaraiosis were not kept by the model.
Discussion
The 177 patients achieved the neuropsychological battery and had lower performances than matched control subjects in most neuropsychological tests. As a group, 91.5% (95% CIϭ0.86 to 0.95) of patients with stroke had difficulties in at least one cognitive domain and 73.4% (95% CIϭ0.67 to 0.80) had severe difficulties. Studies conducted on subacute stroke have reported rates of cognitive impairment varying from 49% up to 80%, 6 -8,16 -19 suggesting that our CDF rates were higher than others.
The neurological deficit, age, methodological bias, or other confounders could explain such discrepancies.
The mean National Institutes of Health Stroke Scale score was 5.7Ϯ4.5 at Day 1 and improved to 1.5Ϯ2.0 at Day 15, whereas the mean MMSE (28.4) was close to control subjects' MMSE (29.15), corresponding to strokes with good outcome. In the previously cited studies, patients were older, presented with more severe stroke, and had lower MMSE than ours. Because age, stroke severity, and MMSE are associated with CDF, 7, 20, 21 better cognitive functioning could be expected in our population.
Patients are usually compared with a matched control group, resulting in large CIs due to small samples. In our study, the use of standardized cutoff scores, based on age and level of education derived from large samples, may have increased the sensitivity to CDF. However, even studies using standardized cutoff scores have reported lower CDF rates than ours. 22 Regarding neuropsychological tests, CDF is usually assessed using MMSE, the WAIS battery, or some standard executive functions tests designed for degenerative diseases. 8, 10 When additional episodic memory 22 and executive function 8, 22 tests were added, increased CDF was reported. In our study, although executive and episodic memory functions account for 64.4% of CDF, working memory dysfunction reached 87.6% (Table 5) . Therefore, using a comprehensive battery including several executive functions and specific working memory tests may have revealed hidden cognitive dysfunctioning.
The neuropsychological profile of CDF, using multivariate analysis, was characterized by the M-PASAT and Owen-SWM tests after adjustment for age, although gender, educational level, and depression were not predictive of CDF.
Performing M-PASAT is highly demanding of auditory working memory, because subjects have to retain relevant auditory information (the last 2 numbers heard) and simultaneously manipulate this information (adding these 2 numbers). 14 The failure to perform the maintenance and operations of the M-PASAT, which require the activation of the prefrontal cortex and posterior parietal cortex, 23 was somewhat expected because these areas are supplied by the middle cerebral artery, which was involved in 61% of our patients. The Owen-SWM test assessed the capacity to maintain a strategy when searching the correct spatial sequence is assumed to explore spatial working memory in relation to the right frontoparietal regions, 24 which are also supplied by the middle cerebral artery. Note that the forward digit and spatial spans were relatively preserved in our patients, because they rather engage storage than processing working memory 25 and could have been more sensitive to the stroke side. 26 Age and level of education were strongly associated with CDF using bivariate analysis in agreement with most previous studies. 27, 28 Neurological deficit was also associated with CDF. Because outcome has often been related to cognitive impairment and stroke severity, the association between National Institutes of Health Stroke Scale and CDF at the same time (Day 15) in this study was expected. 18, 29 The association between depression and CDF is consistent with prior studies, 30, 31 because depression is common after stroke and has been directly related to cognitive impairment. [32] [33] [34] It has been argued that CDF could reflect depression or fatigue. 35 In our study, depression and "fatigue" as a Beck Depression Inventory item were associated with CDF in bivariate analysis. However, they were not predictors of CDF characterized by working memory dysfunctioning. Whether depression could be a confounder has been addressed using logistic regression to model working memory. Neither depression nor fatigue was predictive of working memory dysfunction, suggesting they are measuring another dimension such as mood or patient's self-evaluation.
Leukoaraiosis is a consistent predictor of CDF and has been more specifically related to working memory and executive dysfunction. 36, 37 Although leukoaraiosis was associated with CDF and correlated with cognitive tests in this study, it was not a predictor, presumably because of the low frequency of leukoaraiosis. Again, this could be explained by the low age and high MMSE of our patients. 38 The dominant finding of our study is that CDF is almost constant within the first month after stroke and related to working memory deficit with some executive and memory dysfunction, whereas instrumental functions were relatively spared. One of the strengths of this study derives from the use of MRI in all patients, which allow more reliable diagnosis of recent strokes, silent strokes, and leukoaraiosis.
However, some limitations must be considered. Our population does not reflect CDF of a broadly based stroke population when considering the young age, high MMSE, and low National Institutes of Health Stroke Scale scores. Most ineligible patients presented with major neurological or cognitive deficits, dementia, MMSE Ͻ23, or recurrent stroke, all conditions inappropriate for attending the whole neuropsychological examination. However, because ineligible pa- tients were supposed to present with more obvious CDF, they would not have modified our findings.
The delay variations between stroke and neuropsychological assessment could have interfered with CDF, because patients are recovering within the first month. To limit the delay interference, we attempted to schedule examinations 2 weeks after stroke. Actually, no correlation between delay and cognitive tests was observed.
It could be argued that the battery of neuropsychological tests was too large because some tests were redundant and time-consuming for patients and examiners. However, standard tests may fail to identify CDF, which, in the context of a prospective study, is only captured by a more comprehensive assessment. Moreover, such a large battery could allow selecting the more relevant tests to detect stroke-related CDF.
The level of attention has not been specifically addressed in this study and, thus, could have interfered with cognitive performances, because attention is required for the performance of all cognitive tasks. "Stricto sensu," attention refers to vigilance, but more recently, the concept has been extended to attentional or executive control, referring to the range of capacities involved in modulating and controlling attention. 39, 40 All patients had normal performances in on the Big/little Cir Test, assessing primary attention, and few were impaired in the Reaction Time, Trail-Making Tests A and B, and Modified Wisconsin Card Sorting Test, assessing processing speed and executive attentional abilities. Therefore, it is questionable that attentional deficit could account for a major part in the CDF and working memory impairment we observed.
A final issue is whether CDF after stroke could be related to mild cognitive impairment (MCI), a recent concept proposed to identify a transitional state between normal aging and dementia related to Alzheimer disease. 40 Whereas episodic memory is reported to be the most impaired domain in MCI, working memory and executive functions are also often altered. 40 However, executive dysfunctioning in MCI has been related to leukoaraiosis, which is common in elderly persons with MCI. 41 Because the diagnosis of MCI is excluded by strokes, CDF and MCI differ in their pathogenesis and clinical significance. A remaining issue is whether CDF, similar to MCI, could be a risk factor for dementia.
Finally, we showed high CDF rates in patients with stroke with low residual neurological deficit. This is compelling because hidden cognitive difficulties may interfere with recovery. Therefore, identifying such difficulties could help in clinical practice for the management of rehabilitation and return to work. Working memory assessment should be included in the routine evaluation of young patients with mild stroke.
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